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MAGNETIC HEAD HAVING HEAD 
ELEMENT PROTECTED FROM 
ELECTROSTATIC DAMAGE, AND 

PRODUCTION METHOD THEREFOR 

This application is a division of application Ser. No. 
09/662,309, ?led Sep. 15, 2000, (pending) Which is hereby 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a magnetic head to be 

mounted in a hard magnetic disk device and the like, and to 
a production method therefor. 

2. Description of the Related Art 
In a conventional magnetic head to be mounted in a hard 

magnetic disk device and the like, as shoWn in FIGS. 19 and 
20, a load beam 60 made of a stainless steel plate is provided 
With a mounting section 61, a ?exible printed circuit board 
62, and a ?exure 63 made of a stainless steel thin plate. On 
the surface of the ?exure 63, a conductive pattern 63b is 
formed via a resin layer of polyimide or the like and is 
electrically connected to a Wiring section of the ?exible 
printed circuit board 62. 

The leading end of the ?exure 63 is partly cut out to form 
a tongue portion 63a Which has a slider S5 ?xed thereon. 

The slider S5 comprises a nearly rectangular slider sub 
strate 64 made of a ceramic material, such as Al2O3—TiC, 
a head element 65 formed on one end face 64a of the slider 
substrate 64, bumps 66 made of a good conductive material, 
such as Ni, so as to be electrically connected to the head 
element 65, and a protective ?lm 67 made of an insulating 
material, such as alumina, so as to cover the head element 
65. Exposed portions 66a of the bumps 66 exposed from the 
protective ?lm 67 are ?ush With or protrude from the surface 
of the protective ?lm 67. 

The other end face 64d of the slider substrate 64 on the 
opposite side from the one end face 64a is a planar surface 
in parallel With the one end face 64a. On an upper surface 
64c of the slider substrate 64 orthogonal to the one end face 
64a, a silicon ?lm and a carbon ?lm are stacked in order, and 
an air groove 64c and rail portions 64f on both sides of the 
air groove 646 are formed, thereby forming a magnetic disk 
opposing surface of the slider S5. 
A bottom surface 64b of the slider substrate 64 of the 

slider S5 on the opposite side from the upper surface 64c is 
?xedly bonded to the ?exure 64. At the corners formed 
betWeen the end face 64a of the slider S5 and the ?exure 63, 
nearly spherical balls 69 made of metal, such as Au, are 
bonded to both the exposed portions 66a of the bumps 66 
and the leading end of the conductive pattern 63b, Whereby 
the bumps 66 and the conductive pattern 63b are electrically 
connected via the balls 69. 
Amethod for producing the slider S5 of the conventional 

magnetic head Will noW be described. Referring to FIG. 21, 
a plurality of head elements 65 and bumps 66 respectively 
connected thereto are arranged on the surface of a Wafer 70 
made of a ceramic material, such as Al2O3—TiC, so as to 
serve as a base material of slider substrates 64. 
Subsequently, a protective ?lm 67 is formed on the surface 
of the Wafer 70 so as to cover the head elements 65 and the 
bumps 66, and the surface of the protective ?lm 67 is lapped 
so as to expose exposed portions 66a of the bumps 66 from 
the protective ?lm 67. 

Then, as shoWn in FIG. 22, the Wafer 70 is cut into slider 
bars 68 so that the cutting surfaces serve as upper surfaces 
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64c and bottom surfaces 64b of slider substrates 64. A 
plurality of head elements 65 and bumps 66 are arranged on 
one side face 68a of each slider bar 68. The other side face 
68d of the slider bar 68 on the opposite side from the one 
side face 68a is a planar surface in parallel thereWith. 

As shoWn in FIG. 23, a plurality of slider bars 68 are 
placed on a jig 72 so that one side faces 68a are oriented in 
the same direction and so that bottom surfaces 68b, serving 
as the bottom surfaces 64b of the slider substrates 64, are 
?xedly bonded to the jig 72. In this case, as shoWn in FIG. 
24, the exposed portion 66a of the bump 66 in each slider bar 
68 is in contact With the other side face 68d of the adjoining 
slider bar 68. 

Subsequently, a silicon ?lm and a carbon ?lm are depos 
ited and stacked in order on upper surfaces 68c of the slider 
bars 68, serving as the upper surfaces 64c of the slider 
substrates 64, by ECR-CVD. 
A resist ?lm (not shoWn) is formed on the upper surfaces 

68c of the slider bars 68 and is patterned by photolithogra 
phy so as to conform to the shape of a magnetic disk 
opposing surface of the slider S5. 

In a dry etching process, portions of the upper surfaces 
68c of the slider bars 68 exposed from the resist ?lm are 
removed by irradiation With ions or electrons, thereby form 
ing magnetic disk opposing surfaces of the sliders S5. 

Then, the resist ?lm is stripped off the upper surfaces 68c 
of the slider bars 68, and the slider bars 68 are separated 
from the jig 72 and each are divided into sliders S5. The 
production of sliders S5 is thereby completed. 

In the conventional magnetic head and the production 
method therefor described above, the exposed portions 66a 
of the bumps 66 exposed from the protective ?lm 67 of the 
slider S5 are in contact With the other end face 64d of the 
slider substrate 64 made of Al2O3—TiC in another slider S5 
in the production procedure. 

In such a condition, the slider substrate 64 is electrically 
charged due to irradiation With ions or electrons in a ?lm 
deposition process for forming a silicon ?lm and a carbon 
?lm by ECR-CVD and a dry etching process utiliZing ion 
milling or the like. Since the slider substrate 64 made of 
Al2O3—TiC or the like is conductive, charges move from 
the slider substrate 64 into the bumps 66 in contact With the 
other end face 64d of another slider substrate 64, as shoWn 
in FIG. 24, Whereby the head element 65 is electrostatically 
damaged. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
provide a magnetic head in Which a head element is not 
electrostatically damaged even during a ?lm deposition 
process using ECR-CVD and a dry etching process, and to 
provide a production method for the magnetic head. 

In order to achieve the above object, according to a ?rst 
aspect of the present invention, there is provided a magnetic 
head having a slider, Wherein the slider includes a slider 
substrate, at least one of head element formed on one end 
face of the slider substrate, a protective ?lm for covering the 
head element, and a plural bump electrically connected to 
the head element and having an exposed portion exposed 
from the protective ?lm, and Wherein the other end face of 
the slider substrate on the opposite side from the one end 
face With the head element is provided With an insulating 
?lm. 

In such a con?guration of the magnetic head, the other 
end face of the charged slider substrate does not contact a 
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bump formed of another slider substrate during the produc 
tion procedure. Consequently, charges of the charged slider 
substrate Will not move into the bump, and this can prevent 
electrostatic damage of the head element. 

Preferably, the insulating ?lm covers the entirety of the 
other end face of the slider substrate. This makes it possible 
to more reliably insulate the charged slider substrate from a 
bump of another slider substrate. 

Preferably, the eXposed portion of the bump is ?ush With 
or protrudes from the surface of the protective ?lm. This 
makes it possible to select ball bonding or Wire bonding in 
order to electrically connect the bump and a conductive 
pattern electrically connected to the outside. 

According to a second aspect of the present invention, 
there is provided a magnetic head having a slider, Wherein 
the slider includes a slider substrate, at least one of head 
element formed on one end face of the slider substrate, a 
protective ?lm for covering the head element, and a plural 
bump electrically connected to the head element and having 
an eXposed portion eXposed from the protective ?lm, and 
Wherein the other end face of the slider substrate on the 
opposite side from the one end face With the head element 
has a projecting portion, and the distance from the surface of 
the protective ?lm to the projecting portion formed on the 
other end face is longer than the distance from the exposed 
portion of the bump to the other end face. 

In such a con?guration of the magnetic head, the other 
end face of the charged slider substrate contacts the protec 
tive ?lm formed on one end face of another slider substrate 
at its projecting portion, but does not contact the bump 
during the production procedure. Since charges of the 
charged slider substrate do not move into the bump, elec 
trostatic damage of the head element can be prevented. 

Preferably, the projecting portion is formed of an inclined 
face formed on the other end face. This makes it possible to 
more easily form the projecting portion by machining. 

Preferably, the slider has a magnetic disk opposing sur 
face opposing a magnetic disk, and the inclined portion has 
the top on the side of the magnetic disk opposing surface. 

In such a con?guration of the magnetic head, the project 
ing portion on the other end face of the slider substrate is in 
contact With the protective ?lm formed on one end face of 
another slider substrate on the side of the magnetic disk 
opposing surface so as to close the side of the magnetic disk 
opposing surface. Therefore, foreign materials do not adhere 
to one end face and the other end face of the slider When 
Working the magnetic disk opposing surface. This can 
prevent the magnetic disk from being damaged by foreign 
materials When the magnetic head is mounted in the hard 
magnetic disk device. 

Preferably, the projecting portion is formed of a rib 
projecting from the other end face. This makes it possible to 
more easily form the projecting portion by machining. 

Preferably, the slider has a magnetic disk opposing sur 
face opposing a magnetic disk, and the rib is ?ush With the 
magnetic disk opposing surface. 

In such a con?guration of the magnetic head, the project 
ing portion on the other end face of the slider substrate is in 
contact With the protective ?lm formed on one end face of 
another slider substrate on the side of the magnetic disk 
opposing surface so as to close the side of the magnetic disk 
opposing surface. Therefore, foreign materials do not adhere 
to one end face and the other end face of the slider When 
Working the magnetic disk opposing surface. This can 
prevent the magnetic disk from being damaged by foreign 
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4 
materials When the magnetic head is mounted in the hard 
magnetic disk device. 

Preferably, the eXposed portion of the bump is ?ush With 
or protrudes from the surface of the protective ?lm. 

This makes it possible to select ball bonding or Wire 
bonding in order to electrically connect the bump and a 
conductive pattern electrically connected to the outside. 

According to a third aspect of the present invention, there 
is provided a magnetic head having a slider, Wherein the 
slider includes a slider substrate, at least one of head element 
formed on one end face of the slider substrate, a protective 
?lm for covering the head element, and a plural bump 
electrically connected to the head element and having an 
eXposed portion eXposed from the protective ?lm, and 
Wherein the surface of the exposed portion of the bump is 
recessed from the surface of the protective ?lm. 

In such a con?guration of the magnetic head, the other 
end face of the charged slider substrate contacts the protec 
tive ?lm formed on one end face of another slider substrate, 
but does not contact the bump during the production pro 
cedure. Since charges of the charged slider substrate Will not 
move into the bump, electrostatic damage of the head 
element can be prevented. 

According to a fourth aspect of the present invention, 
there is provided a magnetic head production method includ 
ing a head element forming step of forming, on a Wafer, a 
plurality of head elements, a protective ?lm for covering the 
head elements, and bumps electrically connected to the 
respective head elements, an insulating ?lm forming step of 
forming an insulating ?lm on the surface of the Wafer 
opposite from the surface With the head elements, a slider 
bar forming step of cutting the Wafer into a plurality of slider 
bars each having one side face With a plurality of head 
elements and the other side face With the insulating ?lm, an 
arranging step of arranging the slider bar, formed in the 
slider bar forming step, in the same orientation so that a side 
face of one of adjoining slider bars having the insulating ?lm 
is in contact With the bump or a side face of the protective 
?lm of the other slider bar, and a Working step of forming 
magnetic disk opposing surfaces in the slider bars arranged 
in the arranging step by Working so as to oppose a magnetic 
disk. 

In such a magnetic head production method, since the 
insulating ?lm is formed on the other side face of the slider 
bar, the bump formed on one side face of another slider bar 
does not contact the other side face of the charged slider bar 
in the Working step. Therefore, charges of the charged slider 
bar Will not move into the bump, and the head element is 
prevented from being electrostatically damaged. 

According to a ?fth aspect of the present invention, there 
is provided a magnetic head production method including a 
head element forming step of forming, on a Wafer, a plurality 
of head elements, a protective ?lm for covering the head 
elements, and bumps electrically connected to the respective 
head elements, a slider bar forming step of cutting the Wafer 
With the head elements into a plurality of slider bars, a 
grinding step of grinding the other side faces of the slider 
bars on the opposite sides from the side faces With the head 
elements so as to form projecting portions, an arranging step 
of arranging the slider bars With the projecting portion in the 
same orientation so that the projecting portion of one of 
adjoining slider bars is in contact With the protective ?lm for 
covering the head elements in the other slider bar and so that 
a space is formed betWeen the eXposed portion of the bump 
and the other side face, and a Working step of forming 
magnetic disk opposing surfaces in the slider bars arranged 
in the arranging step by Working so as to oppose a magnetic 
disk. 
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In such a magnetic head production method, since a space 
is formed betWeen the other side face of the slider bar and 
the exposed portion of the bump formed on one side face of 
the adjoining slider bar, charges of the charged slider bar Will 
not move into the bump, and the head element is prevented 
from being electrostatically damaged. 

Preferably, in the arranging step, the projecting portion of 
one of the slider bars is in contact With a portion of the 
protective ?lm for covering the head elements of the other 
slider bar excluding an exposed portion from Which the 
bumps are exposed. 

Preferably, in the grinding step, the projecting portion is 
formed of an inclined portion. This makes it possible to 
easily form the projecting portion. 

Preferably, in the grinding step, the projecting portion is 
formed of a rib. This makes it possible to easily form the 
projecting portion. 

According to a sixth aspect of the present invention, there 
is provided a magnetic head production method including a 
head element forming step of forming, on a Wafer, a plurality 
of head elements, bumps electrically connected to the 
respective head elements, and a protective ?lm for covering 
the head elements and the bumps, a photolithographic etch 
ing step of exposing exposed portions of the bumps from the 
protective ?lm by forming a WindoW in a position of the 
protective ?lm formed in the head element forming step 
corresponding to the bumps, a slider bar forming step of 
cutting the Wafer With the head elements into a plurality of 
slider bars, an arranging step of arranging the slider bars 
formed in the slider bar forming step in the same orientation 
so that the exposed portion of the bump of one of adjoining 
slider bars is in contact With the side face of the other slider 
bar With the head element formed thereon, and a Working 
step of forming magnetic disk opposing surfaces in the slider 
bars arranged in the arranging step by Working so as to 
oppose a magnetic disk. 

In such a magnetic head production method, since a space 
is formed betWeen the other side face of the slider bar and 
the exposed portion of the bump formed on one side face of 
the adjoining slider bar, charges of the charged slider bar Will 
not move into the bump, and the head element is prevented 
from being electrostatically damaged. 

Further objects, features, and advantages of the present 
invention Will become apparent from the folloWing descrip 
tion of the preferred embodiments With reference to the 
attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a general vieW of a magnetic head according to 
a ?rst embodiment of the present invention. 

FIG. 2 is an enlarged perspective vieW shoWing the 
principal part of the magnetic head. 

FIG. 3 is an explanatory vieW illustrating a production 
method for the magnetic head. 

FIG. 4 is an explanatory vieW illustrating the production 
method. 

FIG. 5 is an explanatory vieW illustrating the production 
method. 

FIG. 6 is a side vieW of slider bars shoWn in FIG. 5, as 
vieWed from the direction of arroW 6. 

FIG. 7 is an enlarged perspective vieW shoWing the 
principal part of a magnetic head according to a second 
embodiment of the present invention. 

FIG. 8 is an explanatory vieW illustrating a production 
method for the magnetic head. 
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FIG. 9 is an explanatory vieW illustrating the production 

method. 
FIG. 10 is a side vieW of slider bars shoWn in FIG. 9, as 

vieWed from the direction of arroW 10. 

FIG. 11 is an enlarged perspective vieW shoWing the 
principal part of a magnetic head according to a third 
embodiment of the present invention. 

FIG. 12 is an explanatory vieW illustrating a production 
method for the magnetic head. 

FIG. 13 is an explanatory vieW illustrating the production 
method. 

FIG. 14 is a side vieW of slider bars shoWn in FIG. 13, as 
vieWed from the direction of arroW 14. 

FIG. 15 is an enlarged perspective vieW shoWing the 
principal part of a magnetic head according to a fourth 
embodiment of the present invention. 

FIG. 16 is an explanatory vieW illustrating a production 
method for the magnetic head. 

FIG. 17 is an explanatory vieW illustrating the production 
method. 

FIG. 18 is a cross-sectional vieW of slider bars, taken 
along line 18—18 in FIG. 17. 

FIG. 19 is a general vieW of a conventional magnetic 
head. 

FIG. 20 is an enlarged perspective vieW shoWing the 
principal part of the conventional magnetic head. 

FIG. 21 is an explanatory vieW illustrating a production 
method for the conventional magnetic head. 

FIG. 22 is an explanatory vieW illustrating the production 
method. 

FIG. 23 is an explanatory vieW illustrating the production 
method. 

FIG. 24 is an explanatory vieW illustrating the production 
method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A magnetic head and a production method therefor 
according to the present invention Will be described beloW 
With reference to FIGS. 1 to 18. 

First, a magnetic head according to a ?rst embodiment of 
the present invention Will be described. Referring to FIG. 1, 
in a magnetic head to be mounted on a hard magnetic disk 
device or the like, a load beam 2 formed of a stainless steel 
plate is provided With a mounting section 1, a ?exible 
printed circuit board 13, and a ?exure 3 formed of a stainless 
steel thin plate. On the surface of the ?exure 3, a conductive 
pattern 3b is formed via a resin layer made of polyimide or 
the like and is electrically connected to a Wiring section of 
the ?exible printed circuit board 13. 
As shoWn in FIG. 2, the leading end of the ?exure 3 is 

partly cut out so as to form a tongue portion 3a having a 
slider S1 ?xed thereon. The slider S1 comprises a nearly 
rectangular slider substrate 4 made of a ceramic material, 
such as Al2O3—TiC, a head element 5 formed on one end 
face 4a of the slider substrate 4, four (tWo for recording and 
the others for playback) bumps 6 made of a good conductive 
material, such as Ni, so as to be electrically connected to the 
head element 5, and a protective ?lm 7 made of an insulating 
material, such as alumina, so as to cover the head element 5. 
Exposed portions 6a of the bumps 6 exposed from the 
protective ?lm 7 are ?ush With or protrude from the surface 
of the protective ?lm 7. 
The other end face 4d of the slider substrate 4 on the 

opposite side from the one end face 4a is a planar surface in 
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parallel therewith. On the entire surface thereof, an insulat 
ing ?lm (a high-resistance material With a surface resistance 
of 106 Q/sq. or more) 21 is formed, Which is made of 
alumina, SiO2, or the like and is 0.3 pm to 1.0 pm in 
thickness. 
On an upper surface 4c of the slider substrate 4 orthogonal 

to the end face 4a so as to form a magnetic disk opposing 
surface of the slider S1, a silicon ?lm (5 and a carbon ?lm 
(45 are stacked in order, and an air groove 46 and rail 
portions 4f on both sides thereof are formed so as to obtain 
an air ?oW that alloWs the slider S1 to ?y above a magnetic 
disk When a magnetic disk device is driven. 
At the corners formed betWeen the one end face 4a of the 

slider S1 and the ?exure 3, nearly spherical balls 9 made of 
metal, such as Au, are connected to both the exposed 
portions 6a of the bumps 6 and the leading end of the 
conductive pattern 3, Whereby the bumps 6 and the conduc 
tive pattern 3b are electrically connected via the balls 9. That 
is, the bumps 6 are electrically connected to the Wiring 
section of the ?exible printed circuit board 13 via the 
conductive pattern 3b and the balls 9. 

While the Wiring section of the ?exible printed circuit 
board 13 and the bumps 6 are electrically connected via the 
conductive pattern 3b and the balls 9 in the above 
embodiment, Wires electrically connected to the Wiring 
section of the ?exible printed circuit board 13 may be 
bonded to the exposed portions 6a of the bumps 6. 

The magnetic head having such a slider S1 is mounted on 
the hard magnetic disk device so that the magnetic disk 
opposing surface of the slider S1 faces a magnetic recording 
surface of a magnetic disk. When the hard magnetic disk 
device is driven, the slider S1 receives an air ?oW, Which is 
generated by rotation of the magnetic disk, on its magnetic 
disk opposing surface and thereby ?ies With a small space 
betWeen the magnetic disk and the head element 5, and 
recording and playback of the magnetic disk are performed 
by the head element 5. 
A production method for the slider S1 of the magnetic 

head according to the ?rst embodiment Will be described 
beloW With reference to FIGS. 3 to 6. 

First, in a head forming process shoWn in FIG. 3, a 
plurality of head elements 5 and bumps 6 connected to the 
respective head elements 5 are arranged on the surface of a 
Wafer 10 made of a ceramic material such as Al2O3—TiC. 
Aprotective ?lm 7 is formed on the surface of the Wafer 10 
so as to cover the head elements 5 and the bumps 6, and the 
surface thereof is lapped so that exposed portions 6a of the 
bumps 6 are exposed from the protective ?lm 7. In the next 
insulating ?lm forming process, an insulating ?lm 21 made 
of alumina, SiO2, or the like is formed on the back side of 
the Wafer 10. 

While the head forming process is ?rst performed in the 
above embodiment, either the head forming process or the 
insulating ?lm forming process may be performed ?rst. 

In the next slider bar forming process shoWn in FIG. 4, the 
Wafer 10 is cut into slider bars 8 so that the cutting surfaces 
serve as upper surfaces 4c and bottom surfaces 4b of slider 
substrates 4. Aplurality of head elements 5 and bumps 6 are 
arranged in parallel on one side face 8a of each slider bar 8. 
The other side face 8d of the slider bar 8 on the opposite side 
from the one side face 8a is covered With the insulating ?lm 
21. 

In an arranging process shoWn in FIGS. 5 and 6, a 
plurality of slider bars 8 are placed on a jig 12 With their side 
faces 8a oriented in the same direction. In this case, bottom 
surfaces 8b of the slider bars 8, Which serve as the bottom 
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8 
surfaces 4b of the slider substrates 4, are ?xedly bonded to 
the jig 12, and upper surfaces 8c thereof serve as the upper 
surfaces 4c of the slider substrate 4 Where the magnetic disk 
opposing surfaces are formed. 

In this case, as shoWn in FIG. 6, the insulating ?lm 21 
covering the other side face 8d of the slider bar 8 is contact 
With the exposed portion 6a of the bump 6 formed in the 
adjoining slider bar 8. 

In a case in Which the surface of the exposed portion 6a 
is ?ush With the protective ?lm 7, the protective ?lm 7 is in 
contact With the insulating ?lm 21. 

In the next ?lm deposition process, a silicon ?lm and a 
carbon ?lm are deposited and stacked in order on the upper 
surfaces 8c of the slider bars 8 by ECR-CVD. 
Even When the slider bar 8 is electrically charged due to 

irradiation With ions or electrons during this ?lm deposition 
process, since it is insulated from the exposed portion 6a of 
the bump 6 of the adjoining slider bar 8 by the insulating ?lm 
21, charges of the slider bar 8 Will not move into the bump 
6 of the adjoining slider bar 8. 

A resist ?lm (not shoWn) is formed on the upper surfaces 
8c of the slider bars 8 having the silicon ?lm and the carbon 
?lm stacked thereon, and is patterned so as to conform to the 
shape of the magnetic disk opposing surface of the slider S1 
by photolithography. 

In a dry etching process, portions exposed from the resist 
?lm on the upper surfaces 8c of the slider bars 8 are removed 
by irradiation With ions or electrons, thereby forming mag 
netic disk opposing surfaces of the sliders S1. 
Even When the slider bar 8 is electricity charged due to 

irradiation With ions or electrons during the dry etching 
process, since it is insulated from the exposed portion 6a of 
the bump 6 of the adjoining slider bar 8 by the insulating ?lm 
21, charges of the slider bar 8 Will not move into the bump 
6 of the adjoining slider bar 8. 

Subsequently, the resist ?lm is stripped off the upper 
surfaces 8c of the slider bars 8, and the slider bars 8 are 
separated from the jig 12 and are divided into sliders S1. The 
production of sliders S1 according to the ?rst embodiment is 
thereby completed. 
A magnetic head and a production method therefor 

according to a second embodiment of the present invention 
Will noW be described With reference to FIGS. 7 to 10. 
Referring to FIG. 7, a slider S2 of a magnetic head according 
to the second embodiment is mounted on a ?exure 3 in a 
manner similar to that of the slider S1 of the ?rst embodi 
ment. The slider S2 comprises a nearly rectangular slider 
substrate 14 made of a ceramic material, such as Al2O3— 
TiC, a head element 15 formed on one end face 14a of the 
slider substrate 14, four (tWo for recording and the others for 
playback) bumps 16 made of a good conductive material, 
such as Ni, so as to be electrically connected to the head 
element 15, and a protective ?lm 17 made of an insulating 
material, such as alumina, so as to cover the head element 
15. Exposed portions 16a of the bumps 16 exposed from the 
protective ?lm 17 are ?ush With or protrude from the surface 
of the protective ?lm 17. 
On an upper surface 14c of the slider substrate 14 

orthogonal to the one end face 14a so as to form a magnetic 

disk opposing surface of the slider S2, a silicon ?lm (5 and a carbon ?lm (45 are stacked in order, and an air 

groove 14c and rail portions 14f on both sides thereof are 
formed so as to obtain an air ?oW that alloWs the slider S2 
to ?y above a magnetic disk When a magnetic disk device is 
driven. 
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On the other end face 14d of the slider substrate 14 on the 
opposite side from the one end face 14a, a projecting portion 
14g is formed outside portions opposite from the exposed 
portions 16a of the bumps 16. A distance L1 from the 
exposed portion 16a to a position on the other end face 14d 
corresponding to the exposed portion 16a is shorter than a 
distance L2 from a position on the surface of the protective 
?lm 17 corresponding to the projecting portion 14g to the 
projecting portion 14g. The projecting portion 14g is formed 
of an inclined portion on the other end face 14d of the slider 
substrate 14, and the top of the inclined portion is ?ush With 
the upper surface 14c of the slider substrate 14. That is, 
because of the inclined portion, the distance betWeen the one 
end face 14a and the other end face 14d decreases aWay 
from the upper surface 14c. 

Such a magnetic head according to the second embodi 
ment is mounted on a hard magnetic disk device in a manner 
similar to that of the ?rst embodiment. 

A production method for the slider S2 of the magnetic 
head of the second embodiment Will noW be described With 
reference to FIGS. 8 to 10. In a manner similar to that of the 
head forming process of the ?rst embodiment shoWn in FIG. 
3, a plurality of head elements 15 and bumps 16 are arranged 
on the surface of a Wafer 10. In a manner similar to that of 
the slider bar forming process of the ?rst embodiment, a 
slider bar 18 is formed so as to have head elements 15 and 
bumps 16 arranged in parallel, as shoWn in FIG. 8. In this 
case, one side face 18a, an upper surface 18c, the other side 
face 18d, and a bottom surface 18b of the slider bar 18 serve, 
respectively, as the one end face 14a, the upper surface 14c, 
the other end face 14d, and the bottom surface 14b of the 
slider substrate 14. 

In a grinding process, the other side face 18d of the slider 
bar 18 is ground by machining With a grinder or the like so 
that it becomes an inclined portion serving as a projecting 
portion 18g. 
As shoWn in FIGS. 9 and 10, a plurality of slider bars 18 

are arranged on a jig 12 so that bottom surfaces 18b are 
?xedly bonded to the jig 12 and so that one side faces 18a 
are oriented in the same direction, in a manner similar to that 
of the arranging process of the ?rst embodiment. In this case, 
as shoWn in FIG. 10, the other side face 18d of each slider 
bar 18 is in contact With the protective ?lm 17 covering the 
one side face 18a of the adjoining slider bar 18 on the side 
of the upper surface 18c, and a space T1 is formed betWeen 
the exposed portion 16a of the bump 16 formed on the one 
side face 18a of the adjoining slider bar 18 and the other side 
face 18d. Accordingly, the other side face 18d of the slider 
bar 18 Will not contact the bump 16 of the adjoining slider 
bar 18. 

In the next ?lm deposition process, a silicon ?lm and a 
carbon ?lm are deposited and stacked on the upper surface 
18c of the slider bar 18 serving as the upper surface 14c of 
the slider substrate 14 by ECR-CVD. 

Even When the slider bar 18 is electrically charged due to 
irradiation With ions or electrons during the ?lm deposition 
process, since it is insulated from the exposed portion 16a of 
the bump 16 of the adjoining slider bar 18 by the space T1, 
charges of the slider bar 18 Will not move into the bump 16 
of the adjoining slider bar 18. 

Subsequently, a magnetic disk opposing surface of the 
slider S2 is formed on the upper surface 18c of the slider bar 
18 by a photolithographic dry etching process, in a manner 
similar to that of the ?rst embodiment. 

Even When the slider bar 18 is electrically charged due to 
irradiation With ions or electrons during the dry etching 
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10 
process, since it is insulated from the exposed portion 16a of 
the bump 16 of the adjoining slider bar 18 by the space T1, 
charges of the slider bar 18 Will not move into the bump 16 
of the adjoining slider bar 18. 

Since the space T1 is closed by the other side face 18d of 
the slider bar 18 and the one side face 18a of the adjoining 
slider bar 18 on the side of the upper surface 18c, chips from 
the upper surface 18c Will not adhere to the side faces 18a 
ad 18d of the slider bars 18. 
The slider bar 18 is divided, in a manner similar to that of 

the ?rst embodiment, and the production of the slider S2 is 
completed. 
A magnetic head and a production method therefor 

according to a third embodiment of the present invention 
Will noW be described With reference to FIGS. 11 to 14. 
Referring to FIG. 11, a slider S3 of a magnetic head 
according to the third embodiment is mounted on a ?exure 
3 in a manner similar to that of the slider S1 of the ?rst 
embodiment. The slider S3 comprises a nearly rectangular 
slider substrate 24 made of a ceramic material, such as 
Al2O3—TiC, a head element 25 formed on one end face 24a 
of the slider substrate 24, four (tWo for recording and the 
others for playback) bumps 26 made of a good conductive 
material, such as Ni, so as to be electrically connected to the 
head element 25, and a protective ?lm 27 made of an 
insulating material, such as alumina, so as to cover the head 
element 25. Exposed portions 26a of the bumps 26 exposed 
from the protective ?lm 27 are ?ush With or protrude from 
the surface of the protective ?lm 27. 
On an upper surface 24c of the slider substrate 24 

orthogonal to the one end face 24a so as to form a magnetic 

disk opposing surface of the slider S3, a silicon ?lm (5 and a carbon ?lm (45 are stacked in order, and an air 

groove 24c and rail portions 24f on both sides thereof are 
formed so as to obtain an air ?oW that alloWs the slider S3 
to ?y above a magnetic disk When a magnetic disk device is 
driven. 
On the other end face 24d of the slider substrate 24 on the 

opposite side from the one end face 24a, a projecting portion 
24g is formed at a position outside portions opposite from 
the exposed portions 26a of the bumps 26. A distance L3 
from the exposed portion 26a to a position on the other end 
face 24d corresponding to the exposed portion 26a is shorter 
than a distance L4 from a position on the surface of the 
protective ?lm 27 corresponding to the projecting portion 
24g to the projecting portion 24g. 

The projecting portion 24g is formed of a rib on the other 
end face 24d of the slider substrate 24 so as to be ?ush With 
the upper surface 24c. 

Such a magnetic head according to the third embodiment 
is mounted on a hard magnetic disk device, in a manner 
similar to that of the ?rst embodiment. 
A production method for the slider S3 of the magnetic 

head according to the third embodiment Will noW be 
described With reference to FIGS. 12 to 14. First, a slider bar 
28 having a plurality of head elements 25 and bumps 26 
arranged in parallel is cut, as shoWn in FIG. 12, in a manner 
similar to that of the slider bar forming process of the second 
embodiment. In this case, one side face 28a, an upper 
surface 28c, the other side face 28d, and a bottom surface 
28b of the slider bar 28 serve, respectively, as one end face 
24a, the upper surface 24c, the other end face 24d, and the 
bottom surface 24b of the slider substrate 24. 

In a grinding process, the other side face 28d of the slider 
bar 28 is ground by machining With a grinder or the like so 
that it becomes a rib-shaped projecting portion 28g. 
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Subsequently, as shown in FIGS. 13 and 14, a plurality of 
slider bars 28 are arranged on a jig 12 so that bottom surfaces 
28b thereof are ?xedly bonded to the jig 12 and so that one 
end faces 28a are oriented in the same direction, in a manner 
similar to that in the arranging process of the ?rst embodi 
ment. In this case, as shoWn in FIG. 14, the projecting 
portion 28g of the other side face 28d of each slider bar 28 
is in contact With the protective ?lm 27 covering one end 
face 28a of the adjoining slider bar 28, on the side of the 
upper surface 28c, and a space T2 is formed betWeen the 
exposed portion 26a of the bump 26 formed in the adjoining 
slider bar 28 and the other side face 28d. Accordingly, the 
other side face 28d of the slider bar 28 Will not contact the 
bump 26 of the adjoining slider bar 28. 

In the next ?lm deposition process, a silicon ?lm and a 
carbon ?lm are deposited and stacked on the upper surface 
28c of the slider bar 28 serving as the upper surface 24c of 
the slider substrate 24 by ECR-CVD. 

Even When the slider bar 28 is electrically charged due to 
irradiation With ions or electrons during the ?lm deposition 
process, since it is insulated from the exposed portion 26a of 
the bump 26 formed in the adjoining slider bar 28 by the 
space T2, charges of the slider bar 28 Will not move into the 
bump 26 of the adjoining slider bar 28. 

The upper surface 28c of the slider bar 28 is subjected to 
a photolithographic dry etching process, in a manner similar 
to that of the ?rst embodiment, thereby forming a magnetic 
disk opposing surface of the slider S3. 

Even When the slider bar 28 is electrically charged due to 
irradiation With ions or electrons during the dry etching 
process, since it is insulated from the exposed portion 26a of 
the bump 26 in the adjoining slider bar 28 by the space T2, 
charges of the slider bar 28 Will not move into the bump 26 
of the adjoining slider bar 28. 

Since the space T2 is closed by the other side face 28d of 
the slider bar 28 and the one side face 28a of the adjoining 
slider bar 28 on the side of the upper surface 28c, chips from 
the upper surface 28c Will not adhere to the side faces 28a 
and 28d. 

The slider bar 2 is divided, in a manner similar to that of 
the ?rst embodiment, and the production of the slider S3 is 
completed. 
A magnetic head and a production method therefor 

according to a fourth embodiment of the present invention 
Will noW be described With reference to FIGS. 15 to 18. 
Referring to FIG. 15, a slider S4 of a magnetic head 
according to the fourth embodiment is mounted on a ?exure 
3 in a manner similar to that of the slider S1 of the ?rst 
embodiment. The slider S4 comprises a nearly rectangular 
slider substrate 34 made of a ceramic material, such as 
Al2O3—TiC, a head element 35 formed on one end face 34a 
of the slider substrate 34, four (tWo for recording and the 
others for playback) bumps 36 made of a good conductive 
material, such as Ni, so as to be electrically connected to the 
head element 35, and a protective ?lm 37 made of an 
insulating material, such as alumina, so as to cover the head 
element 35. 

The protective ?lm 37 has WindoW portions 37a corre 
sponding to the respective bumps 36. Exposed portions 36a 
of the bumps 36 are exposed from the WindoW portions 37a 
and are recessed from the surface of the protective ?lm 37. 

Leading ends of Wires 39 electrically connected to the 
outside are joined to the exposed portions 36a of the bumps 
36 exposed from the protective ?lm 37, so that the bumps 36 
and the Wires 39 are electrically connected. 
On the other hand, the other end face 34d of the slider 

substrate 34 is a ?at surface in parallel With the one end face 
34a. 
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12 
On an upper surface 34c of the slider substrate 34 

orthogonal to the one end face 34a so as to form a magnetic 

disk opposing surface of the slider S4, a silicon ?lm (5 and a carbon ?lm (45 are stacked in order, and an air 

groove 34c and rail portions 34f on both sides thereof are 
formed so as to obtain an air ?oW that alloWs the slider S4 
to ?y above a magnetic disk When a magnetic disk device is 
driven. 

Such a magnetic head of the fourth embodiment is 
mounted in a hard magnetic disk device, in a manner similar 
to that of the ?rst embodiment. 

A production method for the slider S4 of the magnetic 
head according to the fourth embodiment Will be described 
With reference to FIGS. 16 to 18. First, a plurality of head 
elements 35 and bumps 36 connected to the respective head 
elements 35 are formed on the surface of a Wafer 10 made 
of a ceramic material, such as Al2O3—TiC, in a manner 
similar to that of the head forming process of the ?rst 
embodiment shoWn in FIG. 3. A protective ?lm 37 is then 
formed to cover the head elements 35 and the bumps 36, and 
WindoW portions 37a are formed in the protective ?lm 37 by 
a photolithographic etching process so that exposed portions 
36a of the bumps 36 are exposed from the protective ?lm 37. 
The exposed portions 36a are thereby recessed from the 
surface of the protective ?lm 37. 

Subsequently, a slider bar 38, in Which a plurality of head 
elements 35 and bumps 36 are arranged in parallel, as shoWn 
in FIG. 16, is cut in a manner similar to that of the slider bar 
forming process of the ?rst embodiment. In this case, one 
side face 38a, an upper surface 38c, the other side face 38d, 
and a bottom surface 38b of the slider bar 38 serve, 
respectively, as one end face 34a, the upper surface 34c, the 
other end face 34d, and the bottom surface 34b of the slider 
substrate 34. 

Subsequently, a plurality of slider bars 38 are arranged on 
a jig 12 so that bottom surfaces 38b thereof are ?xedly 
bonded to the jig 12 and so that side faces 38a are oriented 
in the same direction, in a manner similar to that of the 
arranging process of the ?rst embodiment, as shoWn in 
FIGS. 17 and 18. In this case, as shoWn in FIG. 18, the other 
side face 38d of each slider bar 38 is in contact With the 
protective ?lm 37 covering one side face 38a of the adjoin 
ing slider bar 38, and a space T3 is formed betWeen the other 
side face 38d and the exposed portion 36a of the bump 36 
formed in the adjoining slider bar 38. Therefore, the other 
side face 38d of the slider bar 38 Will not contact the bump 
36 of the adjoining slider bar 38. 

In the next ?lm deposition process, a silicon ?lm and a 
carbon ?lm are deposited and stacked on the upper surface 
38c of the slider bar 38 by ECR-CVD. 
Even When the slider bar 38 is electrically charged due to 

irradiation With ions or electrons during the ?lm deposition 
process, since it is insulated from the exposed portion 36a of 
the bump 36 in the adjoining slider bar 38 by the space T3, 
charges of the slider bar 38 Will not move into the bump 36 
of the adjoining slider bar 38. 
A magnetic disk opposing surface of the slider S4 is 

formed on the upper surface 38c of the slider bar 38 by a 
photolithographic dry etching process, in a manner similar 
to that of the ?rst embodiment. 
Even When the slider bar 38 is electrically charged due to 

irradiation With ions or electrons during the dry etching 
process, since it is insulated from the exposed portion 36a of 
the bump 36 in the adjoining slider bar 38 by the space T3, 
charges of the slider bar 38 Will not move into the bump 36 
of the adjoining slider bar 38. 
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The slider bar 38 is divided, in a manner similar to that of 
the ?rst embodiment, and the production of the slider S4 is 
then completed. 

While the present invention has been described With 
reference to What are presently considered to be the pre 
ferred embodiments, it is to be understood that the invention 
is not limited to the disclosed embodiments. On the contrary, 
the invention is intended to cover various modi?cations and 
equivalent arrangements included Within the spirit and scope 
of the appended claims. The scope of the following claims 
is to be accorded the broadest interpretation so a to encom 
pass all such modi?cations and equivalent structures and 
functions. 
What is claimed is: 
1. A magnetic head having a slider, 
Wherein said slider comprises: 

a slider substrate; 
at least one head element formed on one end face of 

said slider substrate; 
a protective ?lm for covering said head element; and 
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a plural bump electrically connected to said head 

element and having an eXposed portion eXposed 
from said protective ?lm, and 

Wherein the other end face of said slider substrate on the 
opposite side from said one end face With said head 
element has a projecting portion, the distance from the 
surface of said protective ?lm to said projecting portion 
formed on said other end face is longer than the 
distance from said eXposed portion of said bump to said 
other end face, said projecting portion is formed of a rib 
projecting from said other end face, said slider has a 
magnetic disk opposing surface opposing a magnetic 
disk, and said rib is ?ush With said magnetic disk 
opposing surface. 

2. A magnetic head according to claim 1, Wherein said 
eXposed portion of said bump is ?ush With or protrudes from 
the surface of said protective ?lm. 


